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COMPLETE SPBCIPIOATION 

Improvements in or relating to Bonded Abrasive Articles 

' n"^ ^* ^ auffgested to bond a,l,rasiv6 

wi-^ finely divided electrolytic iroa 
particles and moulding tte mixture under 60 
great pressure to form a dense iomo- 
geneons -article. 

- . - -—- — •— Such artinlej have a mimber of dis- -" 

fJtJf ^7 1 \ A *? advQjiWes liowever. As stated above tboy 

particnlDTly deacrj-bed and. ascertained in must be dressed or sharpened periodically 65 
*''^K-^ i}^ fallowing statenaent : - as tte crannies ^ear to Remove bond W 

This invention rela-tes to tbeprodnction axonnd the grannies to enable them to 
15 of bonded abrasive articles and. has for one penetate the "vrork. and nrovida atMi<.« fnr ' 



5 Cotmty of Niagara and State of New 
York, United States of America). 
I, WitUAM John Tennaht, a British 
Subject, of lU/112, Hatton Geiden, 
London, E.0.1, do hereby declare the 
10 nature of this invention and in what 



penetate the -vrork, and provide space for 

ti'V "--,--—7—.— V accumulation of material cut from the 

artxolo wherein the abrasive granules we woric This is difficult -to da without 70 

held firmly in a setting <,f binder whereby unduly loosening, the grannies- from th^r 

they continue to nut until worn away. foundation, ospecially in the case of 

20 ThiB 18 in contradistinction to ih-e action finely divided abrasive material because 

of ordinaiy abrasive articles wherein it of the small spaces between adiacent 

18 intended that vrhea an abrasive granule erains and the relative softness of the 76 

IS worn to dullness. the increased friction bonds nseil. Tor this reason it is nrao 

causes the granule to fracture exposing a tically impossible to use satiafactorify in 

tresh cutting edge, or to break out of the this way extremely fine abrasive material " 

bond structure entirely, making way for such as the diamond dnat produced in 

bnnging into action an unworn granule, crushing and otherwise preparing largep 80 

In further contrast to ordinary abrasive granules for use. Furthermore Qiere tre 

articles, those with which tho present in- certain disadvan.tages in the use of dense 

30 ventaon IS conc^ed are extremely dense metal bonds with respect to the action of 

with erubstantaally all the space between the. wheel as a whole. Kore accuratelv 

tho abrasive grajnlM filled with binder it mi^ht be said that there are certain 86 



and require periodical sharpening to bring 
fresh cutting edges mto play, whereas 
86 ordinniy abrasive ariaoles are somewhat 
parous to facilitate the action described 
above. 

An eixtremely dense straotoie is made 
necessary by the character of the work to 
40 be done, or by the nature of the abrasive 
material used. In cutting certain ex- 



valuable characteristics of an aibrasive 
article bonded with other materials, such 
as reains or rubber, which are not present 
in a metal article. These advantages are 
difficult to define but no less present and S 
may be said to give a grinding wheel 
better grinding charactearistics. 
_ Accordiniar to the present invention there 
IS provided a dense non-porous, bonded 



tremely hard materials a relatively porous abrasive artinle oomTiosea nf preformed 95 

bond structure would be so weak as to let aggregates of diamokd or hard carbide 

- loose the abrasive granules at the first abrasive and a metalUc bonding material. 

45 attempt to cut the material thereby mak- .which aggregates are bonded together ' 

mg the cutting operation -inefficient with into a dense structure by. another ibmidinn 

rejjpect to the work. In- the use of certain material which is relatively soft an3 100 

rather expensive abramyes, such as yielding and which substantiallv com- 

diamonds and boron carbide, this prema- pletely fllls all spaces betweesn the affwre- 

50 tura breaking out of the granules before gates. In one form o£ the articlT the 

they have -been compl^lv used up would preformed aggregates consist of boron 

render the process inefficient with respect earWde crystals embedded in. the metallic 105 

to the abrasive regardless of the work. bonding material. 
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The bonding material far forming tte 
ahrasive aggregates is lard and brittle 
relatively to the binder for massing tlio 
said aggregate together and may eoni- 
6 prisa an allaying ingredient such as to 
acoentuaAo these characteristics. - 

The abrasive aggregates may conveni- 
ently 'T>a formed by incorporating the 
abrasive particles in a metallic bonding 

IQ material while it is in a softened o-r liquid 
condition and in the presence of a non- 
oxidising atmosphere. ' It is also of ad- 
vantage to eubjeet the mixtnr© ot abra- 
.sive particles and softwied or liquid metal 

15 to a jarring action. 

The binder used for bonding tie aggre- 
gates may be any one which can be put 
in a liquid or plastic form, as in solution 
or in th« molten etaU. whereby it will 

20 penetrate and fill all spaces in a luosa of 
afi-gregates. It is preferably a heat- 
hardenable resinous binder and may, for 
example, a solution, of the resinous 
T)inder, or a mixture of the liquid resinous 

25 binder and finely divided solid resinous 
binder; alternatively, a molten thermo- 
plastic binder such as certain resins Etnd 
metals may be used. Of course, the binder 
SBleeted should be one which can be used 

80 at a temperafcura which will not injurs 
the binder in the aggregates. 

By means of the invention, use may be 
made of small abrasive granules to provido 
an abrasive article with the cutting power 

35 and clearance spaces charaetenstvo of 
ivbrasive- structures utiliaingr large abra^ 
sive granules, Ojio impwrtant apjUca- 
tion of the invention fa to the em^ployment 
of abrasive dust which conld otherwisQ 

40 nut be utilised in a bonded condition in 
the pxoduction of abrasive articles whose 
properties approach those of articles 
formed with larger abrasive granules. 
■ The invention will further be described 

46 with reference to the following specific 
examples. Furthermore,; although tJie 
iuvenlion siiecifically provides a means 'of 
using fines from valuable abrasive 
materials it is evident that the principles 

fiO of the invention apply to use- of other, 
larger, or less expensive ' abrasive 
ma>t«rials. 

ExiiMPUB-r. 

Diamond particles can be incorporated 

55 in metals suRh as copper, nickel or cobalt. 
They can also he incorporated in metal 
alloys, such us those used to hold tungsten 
carbide particles in forming very hard 
cutting tools. In the process of incor- 

60 porating diamond particles in metal the 
diamonds are mixed with metal which is 
IT. finelv divided fomi. T'le nmntint nf 
bond material used is tbat needed suh- 
stantiaJly to fill the volume between the 

65 abrasive pswrticles. Simple calculations 



based upon the specific gravity, apparent 
density, grit size, etc. of the materials to 
be used permit the calculation of this 
amount with reasonable accuracy. The 
mixture is pressed and subjected to tem- 70 
peiutures ranging from approximntely 
700° C. to 1500° C. depending on the 
metal used. Diamonds ai« subject to 
oxidation at temperatures above 700' _C. 
It is desirable therefore that the heating 75 
should he performed iu a non-oxidising 
atmosphere such as may be produucd by 
deposition of finely divided eaxbon on the 
mis or by the use of an atmosphere of 
"hydrogen. A hydrogen atmosphere facili- 80 
tates toe " wetting ' of the diamond par- 
ticles by the metal. It is desirable also 
that the heating should be rapid to mini- 
mise the action of any residual oxygen in 
the mis on the diamonds. The mis can 86 
also be .subjected to joiTing while the 
metal is in a liquid or .softened condition 
in order to bring the metal into closer con- 
ta:ct with the abrasive particles, so that 
the attractive forces between, the metal flO 
and the alwasive particles may be more 
fully utilised and so that a dejisei muss of 
metal and included abrasive may be 
obtained. After the mixture has coded 
the mass is broken uj) by any convenient 95 
method common to the art of crushing 
into aggTegates each of whlcli has a 
plurr-lity of abrasive particles. 

Another hai-d abrasive that can -be thus 
incorporated with metal is boron carbide. IQO 
Boron carbide can be alloyed, or incor- 
porated into intimate mixture, with a 
number of metals, and metal-bonded 
uggregates can be prepared by either of 
the -f (Slowing processes. 105 

Ex.AllPLB II. 

Powdered metal or metals,^ such as 
copper, silver, nickel, cobalt, iron, and 
boron carbide particles are mixed. The 
mixture is pressed and then heated some- 110 
-what above the melting-point of the metal 
to bring the metal into intimate contact 
with the boron carbide particles. In some 
cases such intimate contact can be ob- 
tained by ■ " sintering "- the mixture at llfi 
temperatures below the temperature of 
complete melting of the metal. After 
the mass 4hna formed -ha.s cooled it issub- 
fUrided into aswrsgates. 

EaciJiPrJ! ITT. 120 

-A mixture of boron carbide and a metal 
is heated until the entire m^ss. becomes 
fluid; . On cooling the mass the boron 
carbide crystallises to give fairly well ' 
developed ery.<<tal3 embedded in a metal 125 
matrix. ■ The temperature required to 
produce fluidity of the entire mass is 
usually about 2000° 0. or higher, depend- 
ing on the metal used and, on the propor- 
tions of metal and boron carbide. 130 



Example o£ mutals wlucL. uuji be used 
emgly or in combmatioa in tils manner 
with, iboron caxtide are copper, nickel, 
cotolt or iron. The cooled mass is txokeoi 
6 up into aggregates containing boron car- 
bide crystals and interconnecting metal. 

In the production of metal bonded 
aggregates, alloying agents ma,y be in- 
corporated into the metal to produce ft 

\0 satisfootory degxea of brittleness for 
crushing jMirpoBes and to. g'ive the proper 
grinding' action. These a.ddition as-eutB 
are well known in the metallurgicsJ art 
and need not ba described in detail, Ae 

16 specific examples, copper cain be ean- 
'brittled by the addition of tungsten, 
aluminium or tin, the amount added being 
dependent upon the properties desired in 
the bonded aggregate. This also eonsti- 

20 tutea a mechanism for controlling the alow 
but necessary breakdown of the meital 
bonded aggregate during use; this in turn 
makea possible considerable control of the 
cutting properties of the abrasive a;rticle 

26 because the brittleness or toughness of the 
bond and aJbrasiTe may be adjusted to suit 
the character of tho cutting aotion 
.doaiced. popper ncKiy also be embrittled 
by dissol-ring tLemn boron carbide as 

80 disclosed in Example III. 

After a dense mass containing abraaiTe 
particles distributed throughout has been. 
prepa,rsd by one of the methods described 
Dibiovo, it is broken up into much smallei? 

85 aggregates in each of which a numb^ of 
abrasive particles ■ are heM in a compara- 
tively non-porous lump or aggregate. 
These lumps or a^rgregates are then ad- 
mixed with a bonding material such as a 

40 heat-hardenablo resin; e.g., a phonolio 
condensation product resin in the A or B 
stage. In view of the comparatively 
non-porous character of the aggregates 
they can be moulded with such a resin 

45 bond (and inert filler if desired) into a 
compact body having few pore spaces. 
Tlifi tendency is for the resinous bond to 
flow into and fill any pores of the abrasive 
a^rgrragates. The mo^llded body is cured 

BO at high pressures a-nd at temperatures 
which produce a curing of the bond, and 
tho "body may be subjected to a bnlcing 
process to further cure the bond. 

Insteal of a bondinjr material composed 

55 of a heat-hardenable resin, a thermo- 
plastic resin can be used. An example 
of such a resin is a polymerised resin that 
«an be made from a vinyl acetate base. 
The vinyl aoetete is polymerised by means 

60 of light or heat untjl the^visoosity- of a 
._ , molar solution cf the resin in benzol is 
"about 16 centipoises. About seventy 
percent, of the acetat* groups are replaced 
by acetaldehyde. Tho resultant resin is 

€6 th«:rmoplastic and is well adapted for 



moulding in comibination with fillers to 
form atrong structures oi low porosity. 
It is also possible to use mixtures of 
thermoplastic and heat hardenable types 
of resin to bring about desired elasticity, TO 
ij^aghuess and r-esilienee of the bond. 
_ Articles made according to this inven- 
tion may be somewhat amaoth surfaoed 
when first made. They may he madu 
ready for use by subjecting the working 76 
surfaces to a gentle discing action by 
oscillating Hie article slowly over a sur- 
face plat* charged with fine, granular 
loose abrasive which cuts away me "bond 
between the aggregates due to its relative 80 
softness and also small portions of bond 
from the abrasive clufitaB, thus leaving 
protruding cutting edges. This discing 
process lOr its equivalent, may he resorted 
to periodically during tho u^ of tiie 85 
article to remove any detritus lodged in 
its working surface or to bring new 
cutting od^es into ns&. 

It is an important advantage of the in- 
vention that a structura having relatively 90 
fine abrasive granules may be providetl 
with relatively largo clearanco spaces be- 
t^ve&n aggregates. Eelatively large non- 
abrasive spaces on the working face of 
tie a-hraaive article are filled with the 96 
h-iadeir for the aggregates, which spaces 
may be made concave or hollow by re- 
moval of the binder therefrom by a proper 
dressing aotion to provide clearance spaces 
for tie abrasive granules and space for 100 
the accumulation of material removed 
from the work. Since the binder for the 
aggre^tes is made relatively softer than 
the binder for the grains, the dressing 
action will tond to remove more materisd 106 
from between the aggregates than in the 
aggregates, thus providing the proper 
r-'th'no- for the aggregates. 

Abrasive wheels made by bonding 
abrasive aggragatea of the -type described 110 
above and in the manner described lave 
many advaatag^es. The abrasive granules 
are surrounded for the most part hy a 
bonding material forming the aggregates 
that adheres more firmly to the abrasive 116 
granules than most resinous bonds. Again, 
the abrasive aggregates have a compara- 
tively lajge size and can be made with 
roughened surfaces so that a resinous 
bond used in uniting the ag-gregates can 120 
bnld the a.!rQTegates stroniyly. Moreover, 
the use of different bonding matffl-ials in 
eomibination with closely compacted 
abrasive aggr^tes mates it possible io 
obtain an eixceptionally wide range of 125 
cutting characteristics. 

The present invention makes it possible 
to iioo more pfficientlv abrasive dtiste rwpH 
as diamond fines, since the aggregates 
give some of the effects of larger abrasive 130 
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particles eacii as qre commoaljr £eleofed 
tor owe in. the manufacture of boatled 
(Iiami>nd articles.. Tiere is.ahvajns an 
excess of fiae grit material produced in 
5 crasliingr diamonds ox Lard carbide aira- 
aiye materiala, wMoIi aia rare and oostl^j 
to obtain, the logger aizes used for moMng 
abrasive wheels or other abTasiTe articles, 
losufficient marlcet exists to absorb the 

10 quantities of fines produced and the 
material is therefore relatively; inexpen- 
sive. This in.ven.tion makes it possible 
to utilise tho fines to do a lar^ portion 
of tho work of coarser, more eKpcnsivo 

16 grit}. 

MiMjtg now particularly described and 
ascertained ihe nature of the said invea- 
fion and in what manner the same is to 
bo performedj aa communioated to me by 
20 my foreign correspondents, 1 dnoloie that 
waat I daim is: — 

1. A dense non-pt>roiis bonded abrasive 
article composed of preformed aggregates 
of diamond or- hard carbide abrasive and 

35 a metallic bonding' material, which aggre- 
. gates arc bonded together into a dense 
structure by another bonding material 
■irhich is relatively .soft and yielding and 
■irldch' substantially completely fills all 

30 spaces between the aggregates. 

2. A dense Jion-porous abrasive article 
OS claimed in claim 1, wherein the pre- 
formed ag-mregates consist of boron car- 
bide crystals embedded in the met«lHo 

35 bonding matradai. 

9. A dense non-porous abrasive article . 



as claimed in claim 1 or claim 2, wherein 
the metallic bonding material comprises 
an allojdng ingredient such aa to render 
the bonding jnateriai hard and brittle. 40 

4. A dense non-porous abrasive article 
as claimed in any of the preceding claims, 
wherein the abrasive aggregates are 
formed by iucotpoi-utiug the abi-asive par- 
ticles jn_a_ metallic bonding material 45 
\rhile it is in a .softened or liquid condi- 
tion and in the pre.spnce of a iiou-o,x.idising 
atmosphere. 

§. A dense non-porous abrasive article 
aa claimed in claim 4, wherein., in foi-m- 60 
ing abra^re aggregates, the mixture of 
abrasive pariicles and softened or liquid 
metal is subjected to a. jaTriug act-ion. 

6. A dense non^ijorous bonded abrasive 
article as claimed in any cf the preceding £5 
claims, wherein the abrasivo aggregates 
are bonded together into a dense structuro 
by a resinous bonding material. 

7. A dense non-porous abrasive article 

as claimed in any of the preceding claims go 
I to -5, wherein the abrasive aggregates 
aro bonded together bj- means of a metal 
to form the abrasive article, 

'8. A dense uon-porou'j bonded abrasive 
article as claimed in claim l, constrtieted 68 
substantially aecording to the specific 
examples herein described, 

Da.ted this 6th dnv of March, 19-37. 
- BOirLT, WADE & TE^STNAJfT, 
Charteretl Patent Agents, 
111 & 112, Hatton Garden. 
London, E.C.I. 
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